INTRODUCTION {#sec1-1}
============

Over the past decades, significant advances have been developed toward the care of critically injured trauma patients, but still trauma remains the leading cause of mortality among young individuals in productive age, having a significant socioeconomic impact in the United States and the world.\[[@ref1][@ref2]\]

Multiple organ dysfunction syndrome (MODS) is a life-threatening complication of severe trauma MODS, which is a major cause of mortality in the injured patient, representing a significant financial burden to the health-care system. In the severely injured patient, traumatic shock and blood loss result in inadequate tissue perfusion or inability to use oxygen at the cellular level, and aggressive resuscitation can lead to free radical washout from ischemic tissue. All of these lead to activation of host mechanisms such as inflammatory cascades, coagulation cascade, complement system, and the innate and specific immune responses.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] Despite the enormous efforts to elucidate the mechanisms of the development of MODS following trauma and advances in trauma care that have resulted in important changes in the morbidity and a gradual improvement in mortality,\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] MODS is still a leading cause of late postinjury death and morbidity and the leading cause of late postinjury mortality and extended intensive care unit (ICU) length of stay. Numerous studies have demonstrated how excessive systemic inflammation following trauma participates in the development of MODS.\[[@ref4][@ref5][@ref6][@ref7]\] However, recent studies have demonstrated the importance of early prediction and early resuscitation for MODS to improve the outcome. A higher injury severity score (ISS) has been associated with a longer stay in the ICU, greater requirement for mechanical ventilation, and longer total hospital stay and overall mortality.\[[@ref14][@ref15][@ref16]\]

We hypothesized that when controlling for injury severity, MODS development is directly related to the age of the patient. The objective of this study was to determine the correlation between ISS and MODS and between the severely injured young (aged 18--64 years) and elderly (aged 65 years) patients.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a cross-sectional observational study gathering data from a hospital-based trauma registry. Trauma centers (TCs) were defined as those accredited by the Pennsylvania Trauma Systems Foundation as being Level I and Level II. Accredited pediatric TCs were included as TC facilities. Cases were considered to have been TC cases if they were admitted to an accredited TC. The Pennsylvania Trauma Systems Foundation uses a categorization system analogous to the American College of Surgeons criteria. All other hospitals were considered as non-TCs.

The ISS is based on an anatomical scoring system that provides an overall score for patients with multiple injuries. Each injury is assigned an abbreviated injury scale (AIS) score and allocated to one of the six body regions such as the head and neck, face, chest, abdomen, extremities (including pelvis), and external. Only the highest AIS-05 score in each body region is used. To calculate the ISS score, the score of the three most severely injured body regions is squared, and the results are added to produce the ISS score.

ICDMAP-90 (Tri-Analytics, Inc., Bel Air, MD, USA) software was used to compute AIS scores and ISS. The Association for the Advancement of Automotive Medicine developed code translation maps to be used by computerized mapping systems for converting injury-related International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes and Tenth Revision (ICD-10-CM) codes into AIS-derived metrics to determine the significance of injury. The mapping tool that translates ICD-9-CM and ICD-10-CM codes to the AIS standard is critical for clinical and research purposes, including epidemiologic analyses of large administrative injury databases. Previous maps are outdated (using earlier AIS or ICD standards) and incomplete, identifying the need for a contemporary tool which translates ICD-CM codes to the AIS standard. Most importantly, the mapping tool was designed by those who are familiar with the nuances of both the ICD and AIS coding systems and was validated by comparing it to the rules and best practices of conventional coding completed by trained and certified coders.

The ICD-9-CM and the ICD-9 External Cause codes or "E codes" were used to identify acute trauma cases. Poisonings, single-system burns, and late effects of injury were excluded from the study. Severe injuries were defined as those cases with an ISS \>15. The presence of MODS was based on the definitions proposed and accepted.\[[@ref17]\]

Descriptive statistics were used to present group characteristics. Descriptive statistics and confidence intervals (CIs) were used to present group characteristics. For categorical variables, Chi-square test and Fisher\'s exact test were used to assess associations; for these variables, the odds ratio was used as the measure of strength of association. Levene\'s test for equality of variances was used to assess homogeneity of variance for continuous variables, and the Student\'s *t*-test was used for the assessment of associations between these variables. For all tests, statistical significance was set at the 0.05 level. All analyses were performed with SPSS for Windows 9.01 standard version (SPSS, Inc., Chicago, IL, USA). Institutional Review Board approval was obtained under a minimal risk protocol.

RESULTS {#sec1-3}
=======

Six hundred forty-two adult trauma patients were included, with 469 (73.05%) classified as young (18--54 years old) and 173 (26.95%) as elderly (\>65 years old) \[[Figure 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\], demonstrating a 2.71-times greater sample representing younger adults.

![Patient distribution. \*ISS=Injury severity score](IJCIIS-9-21-g001){#F1}

###### 

Patient Classification

  Patient Category          ISS \<15 *n* %)   ISS \>15 *n* (%)   
  ------------------------- ----------------- ------------------ -------------------------
  Young (*n*=469)           276 (58.8%)       193 (41.2%)        NO MODS *n*=158 (81.9%)
  YES MODS *n*=35 (18.1%)                                        
  Old (*n*=173)             85 (49.1%)        88 (50.9%)         NO MODS *n*=37 (42.1%)
  YES MODS *n*=51 (57.9%)                                        

\*ISS=Injury Severity Score, MODS=Multiple Organ Disfunction Syndrome

When analyzing the age groups, the relationship between ISS \>15 and the age groups, we found that among the 469 young adults, 193 had ISS \>15 (41.2%) and 35 of these developed MODS (35 of 193, or 18.1%). Among the 173 elderly patients, 88 had an ISS \>15 (50.9%) and 51 met the definition for MODS (51 of 173, 29.5%).

Looking at MODS development, we found that severely injured (ISS \>15) young and elderly groups were more likely to develop MODS compared with those with an ISS \<15 (*P* \< 0.001, odds ratio \[OR\]: 3.68; 95% CI: 1.71--8.00 and *P* \< 0.001, OR: 5.17; 95% CI: 2.74--9.80, respectively). When the young and elderly groups were directly compared, the latter had a higher likelihood of developing MODS (*P* \< 0.001; OR: 5.17; 95% CI: 2.74--9.80).

DISCUSSION {#sec1-4}
==========

Injury-related MODS was noted to become a prevalent condition as the improvements in critical care during the 1970s.\[[@ref8]\] Over the past decades, significant efforts have been invested in research which designed to better understand MODS. With changes in population demographics and injury mechanisms and improvements in trauma care, changes in the epidemiology of MODS are also becoming evident.\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] In spite of significant improvements in trauma patient management, MODS still remains the most significant contributor of late postinjury mortality and ICU resource utilization.\[[@ref15][@ref16][@ref17][@ref18]\]

The etiology of MODS is complex and is depended on patient factors, injury factors, and treatment factors. MODS develops in trauma patients following hemorrhagic shock and resuscitation into early systemic inflammatory response syndrome (SIRS). An overwhelming initial insult may precipitate severe SIRS and subsequent MODS. MODS is a systemic, dysfunctional inflammatory response following hemorrhagic shock with reperfusion injury. The complete pathophysiology of MODS is still being elucidated; however, the significant progression of knowledge has been made in the past 10 years.

In postinjury situations, much of the early organ dysfunction will return to normal within 48 h of injury after completing the resuscitation. MODS is organ dysfunction within the first 48 h of the initial insult. Organ dysfunction is common during resuscitation and is a different entity to MODS. Hemorrhagic shock following injury causes whole-body hypoperfusion, followed by subsequent reperfusion during resuscitation, resulting in the release of cytokines, pro-inflammatory lipids, and proteins from the reperfused tissues.

Blood transfusion administered within the first 24 h following trauma has also been associated with an increased rate of SIRS, increased mortality, and longer ICU stay.\[[@ref19]\] Reductions in blood transfusion in the resuscitation period correlate with improved outcome and less MODS.

Several risk factors have been identified as predictors of outcome in severe trauma patients, including age, obesity, large blood transfusions, development of abdominal compartment syndrome, and ISS \[[Table 2](#T2){ref-type="table"}\], have been correlated to bad outcomes.\[[@ref19][@ref20][@ref21][@ref22]\] Our study not only corroborated the direct relationship of a severe ISS (\>15) with the development of MODS but also demonstrated an age-related effect where elderly patients were more likely to develop MODS than those classified as young. This could be explained by physiologic reserve and comorbidities, highlighting the importance of early aggressive interventions in this subgroup.

###### 

Example of injury severity score calculation

  Region                    Description of injury     AIS   Square top three
  ------------------------- ------------------------- ----- ------------------
  Head and neck             Cerebral contusion        3     9
  Face                      No injury                 0     
  Thorax                    Flail chest               4     16
  Abdomen                   Minor hepatic contusion   2     25
  Complex splenic rupture   5                               
  Extremities               Femoral fracture          3     
  External                  No injury                 0     
  ISS                       50                              

AIS: Abbreviated injury scale, ISS: Injury severity score

Postinjury MODS remains a relevant issue for the trauma clinician. MODS continues to be responsible for most of the late trauma mortality, postinjury morbidity, and utilization of significant ICU resources. There have been significant improvements in our understanding of the pathophysiology of MODS, but despite improvements in trauma care, there are no specific therapies for MODS. MODS continues to provide both basic science and clinical questions, and by providing answers, the care of the trauma patient will continue to improve. Based on our study results, further research needs to focus on controlling individual items related to this increased mortality in older patients as well as perhaps targeted interventions for older patients in an effort to improve outcomes. Limitations of this study include the retrospective nature and sample size.

CONCLUSION {#sec1-5}
==========

This study demonstrated a direct relationship between ISS \>15 and the development of MODS. We also observed a five-fold increase in the development of MODS among severely injured elderly patients. Future studies should focus on early resuscitative interventions based on prompt emergency department severity estimates calculated from anatomic and physiologic scoring systems. Limitations of this study are primarily related to the retrospective data collection process and the subsequent accuracy of the medical records. More work is needed to identify and limit specific factors related to the improving outcomes of older patients.
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